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have dealt with the physical and acoustic characteristics of landmark venues that host live
performances, but many of them still need to be characterized and studied.

The present work aims to perform a comparative analysis of two theatres. We have chosen
two theatres with similar characteristics except one, the volume of the main hall in this
case: the Olympia Theatre and the Talia Theatre, both located in the city of Valencia
(Spain). We want to get deeper into the factors that influence how a certain space sounds.
More specifically, the ratios between stage area and audience area.

We have collected geometrical data of both spaces, such as room volume, fly-tower
volume, audience surface, stage surface, stage opening surface area, acoustical surface
area, etc.; and material and architectural detail data to determine the absorption
coefficient of the different surfaces of the space. Moreover, we will conduct acoustical

measurements surveys in both theaters.

To summarize, we will work in a three-axis strategy: geometric, acoustic absorption and
onsite analytic data, to evaluate the influence of the different parameters in the acoustic
behavior of the room and the relationships between them.

1. Introduction

Acoustics started to be studied as a science at the begin-
ning of the 20t century (Beranek, 1992). Before that date,
the design of acoustic spaces was based on a combination
of trial and error and copying the shape and proportions
of other previous successful venues. The reverberation time
was the first parameter used to analyze the acoustic of a
space. The reverberation time depends on the shape and
size of the enclosure, the materials used in the construc-
tion of the room, and the way they are built. Some design-
ers of the time ignored the influence that the shape and the
proportions of the room have. Because of that, they only
paid attention to the reverberation time, which has proven
to be insufficient for an adequate acoustic design. Between
1900 and 1950 the importance given to the shape of concert
halls and theaters decayed. There are some design aspects,
especially in proscenium theaters, that are often taken for
granted despite their relevance in architectural acoustics. A
tight design in longitudinal section with deep boxes keeps
the room volume small, providing a low reverberation time
and limiting the distance from the last row to the stage,
which is desirable, both visually and acoustically (Barron &
Foulkes, 1994).

This work is part of a broader investigation carried out in
the Centro de Tecnologias Fisicas, Universidad Politécnica
de Valencia, Valencia, Spain. The research involves per-
forming acoustic measurements in theaters and create
acoustic models of them to study the behavior of the deter-
mined surfaces. Theaters located in the region of Valencia
have been selected mainly due to the quality and number
of available spaces, the proximity, and the operability (each
measurement takes approximately between 3 and 4 hours).

The region of Valencia has a long musical tradition. Al-
most every city has at least one musical society, (there are
more than 400 concert bands [Ruiz Monrabal, 1993]). It
is common for these societies to have their own facilities
or even a small auditorium. Sometimes, these spaces are
proper musical auditoriums, but usually, they are multi-
functional spaces in which it is possible to host other activ-
ities related to scenic arts besides music.

In the late 70s, the city of Valencia suffered a decrease in
the number of venues for theater exhibitions. That can be
explained by a decrease in the public interest in those kinds
of artistic representations, and by the rise of other media

spaces such as cinemas. Because of that, some theaters were
transformed into cinemas, others changed activity, and oth-
ers were closed. Even so, the city of Valencia has more than
a dozen theaters, of different importance. Some of those
theaters built in the mid-nineteenth and early twentieth
centuries are still functioning today. Some notable exam-
ples are the Principal, the Olympia, and the Talia. Some
new venues have been built in the last decades, such as the
Palau de la Misica (music hall), the Palau de les Arts (opera
house), and some smaller spaces such as La Rambleta (the-
ater), the Catarroja Auditorium.

We have extensively measured and collected data from
several theaters. Among them are three of the oldest and
most important theaters that are still operative in the City
of Valencia. Those theaters are the Principal Theater, the
Olympia Theater, and the Talia Theater. All of them are
roughly from the same period. The Principal Theater is the
oldest and the largest of the three. The Olympia Theater
and Talia Theater share most of their physical character-
istics, dimensions, and materials. The main difference be-
tween them is the volume of the room. The reason why
these theaters have been selected is the significance those
venues have in terms of cultural heritage for the city of Va-
lencia. It is also relevant to analyze how the acoustic para-
meters of those theaters differ and interlink depending on
the characteristics mentioned in previous paragraphs.

Researchers presented in the past their criteria to evalu-
ate or classify the quality of a venue (Arau-Puchades, 1999;
Beranek, 2004; Knudsen, 1931). Since the main parameters
we wanted to compare are related to the dimensions, the
Beranek methodology can be considered the most adequate
in this case. The Beranek methodology describes several pa-
rameters that allow displaying the data of each space in a
very concise way that enable the comparison between the
differences and similarities of the rooms under study.

The combination of differences and similarities usually
leads to the obtention of relevant conclusions in terms of
the architectural acoustic design.

The Olympia Theatre was designed by the architect Vi-
cente Rodriguez Martin in 1915 (Fig. 1 and 2). It is located
in a building block that also includes commercial spaces.
Those commercial spaces and the Theatre itself are set on
the ground floor and first floor. The apartments are placed
on the upper floors. The composition of the building stands
out from the rest because of its formal unity. Its style be-
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Table 1. Materials used in Olympia Theater

Zone

Materials

General suspended ceiling
Amphitheatre suspended ceiling
Ceiling under balconies
Decorative false skylight

Scene pavement

General pavement

1st floor pavement

Circulation spaces pavement (Stalls and GF balconies)

Walls (hollow sound)

Walls (solid sound)

Fabric wall frames and balconies partitions

Moldings (balconies, stage opening, ceiling perimeter)
Access doors

Curtain

Chairs

Reed with plaster

Plasterboard on studs with mineral wool
Plaster

Plumbed glass

Wooden platform

Tongue and groove wooden floorboards
Parquet on slab

Carpet on wooden floor

Stairs Marble

Plasterboard with cavity
Plaster on solid ceramic brick
Fabric with absorbent
Decorative plaster

Solid wood

Drapes, heavy velour

Empty chairs heavely upholstered

longs to what was called the International Decorative style
(Colomer Sendra, 2002).

The auditorium has a long shape with a slight slope. It
has two floors with balconies on both of them. The access
to the ground floor balconies is located at each side of the
room. The first floor is accessed through a central marble
stair. The side corridors give access to the balconies and the
regular seats. It is also worth mentioning that the build-
ing in which the Olympia Theater is set was one of the first
buildings in Valencia to use metallic riveted structure and
smelted columns. The walls that surround the theatre are
made of solid ceramic brick. The floors, in general, are made
of tongue and groove wooden floorboards. In the stalls,
a carpet has been placed on the circulation spaces. Also,
while the floor stage is arranged on a wooden structure,
the first floor is set on a structural slab. The wall cladding
is made with plaster, except for the entrance area on the
ground floor, where there are several fabric wall frames, and
on the back area of the first floor, which maintains the ap-
pearance of plaster but with a hollow wall solution. The sus-
pended ceiling is made of reed with plaster, and the back
of the room is equipped with an acoustically treated ceil-
ing. The central area has a false skylight and metal struc-
ture, backlit. The ledge of the balconies and the perimeter
of the ceiling are decorated with plaster moldings. The list
of the materials used in the room can be seen in Table 1.

The Talia Theatre was designed by the architect Javier
Goerlich Lle6 in 1927 (Fig. 3 and 4). It belongs to the
catholic charitable institution "Casa de los Obreros de San
Vicente Ferrer (Herreras & Rodriguez, 2008) and it was orig-
inally connected to the building next to it: the offices of the
“casa de los Obreros”. It has seats on the ground floor and
first floor and three levels of balconies. The flooring is made
of tongue and groove wooden floorboard on the stalls and
stage, and it is covered by carpets on the first floor. The bal-
conies have hydraulic tile flooring. The walls have plaster

Figure 1. Olympia Theatre. Ground floor plan

Source: (Carlos Montesinos)

’:

Figure 2. Olympia Theatre. Long section

Source: (Carlos Montesinos)

coatings in general, and near to the room entrance, plas-
terboard with an air chamber. The ceiling of the theater is
made of plaster on fastening strips. The ledge of the bal-
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Table 2. Materials used in Talia Theater

Zone Materials

General suspended ceiling
Ceiling under balconies
Decorative light

Scene pavement

Ground floor pavement

1st and 2nd floor pavement

Amphitheater pavement, circulation spaces GF

Walls (hollow sound)
Walls (solid sound)

Moldings (balconies, stage opening, ceiling perimeter)

Plasterboard on studs with mineral wool
Plaster

Small area glasses

Wooden platform

Tongue and groove wooden floorboards
Hydraulic tile

Carpet

Stairs Marble

Plasterboard with cavity
Plaster on solid ceramic brick

Decorative plaster

Balconies partitions Partition with cavity
Access doors Solid wood
Curtain Drapes, heavy velour
Chairs Empty chairs heavily upholstered

conies and the perimeter of the ceiling are decorated with
plaster moldings, in a similar way as in the Olympia The-
ater. The list of the materials used in the Thalia theater can
be seen in Table 2.

Both theaters were restored by the architect Carlos Mon-
tesinos. The Talia Theater was restored in 1995 and the
Olympia Theater in 2000 (Fig. 5). The main goal of this pa-
per is to study the influence that the characteristics that dif-
fer from one theatre to the other may have on the acoustic
parameters of the room. To prevent the cross effect, the in-
teraction of several parameters acting simultaneously, we
chose a pair of theaters that share most of their character-
istics.

2. Methods

The method chosen to develop the study consists in the
experimental field measurement of the acoustic parame-
ters. The main point of the acoustic measurement is to
study the most relevant points of the venue with what is
called impulse response. An impulse response is able to
characterize linear time invariant systems. Any receiving
point in the room can be understood as a linear time in-
variant system. This characterization done by emitting a
sine-sweep inside the room, a kind of sound signal that
covers all the audible frequency range and measuring how
that sound is affected by the intrinsic characteristics of the
space. After analyzing that sound, we can not only obtain
all the acoustic parameters of the room, but also, we are
able to compute the way in which any sound would react in
that space. In this specific study, the rooms analyzed were
measured using first an omnidirectional microphone and
then a bidirectional one. This allows us to define how the
sound would be perceived by the auditory system and the
influence of the side walls on the localization of the sounds
(Sakamoto et al., 2008). The impulse response was recorded
in various positions on the audience plane (Figure 6). Ad-
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Figure 3. Talia Theater. Long section

Source: (Carlos Montesinos)

ditionally, the field measurements were done in two differ-
ent room conditions, with the curtain open and with the
curtain undrawn. By measuring the room in those two dif-
ferent conditions it is possible to better understand the in-
fluence of the proscenium, These experimental measure-
ments were conducted in accordance with the ISO 3382 (ISO
3382-1. Acoustics - Measurement of Room Acoustic Parame-
ters - Part 1: Performance Spaces, 2009). The sound source
used is a Bruel & Kjaer omnidirectional source. The micro-
phone used to record the acoustic signal is a Shore KSM44A
condenser microphone.

An analytic survey was performed on both halls to gather
acoustic and geometric data. By visiting the venues, we
have collected information about the building materials,
specially those that affect the acoustic behavior, and how
they have been built. Some onsite measurements were done
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Table 3. Coordinates of the source and the receivers set in the Olympia Theater

X Y z

Source -1,67 -0,25 2,31
Receiver 1 2,90 -0,13 1,05
Receiver 2 9,83 -0,12 1,73
Receiver 3 17,91 0,00 2,53
Receiver 4 24,33 0,05 3,16
Receiver 5 21,69 6,00 2,90
Receiver 6 9,54 -3,83 2,10
Receiver 7 6,47 -5,12 1,40
Receiver 8 20,31 0,14 6,95
Receiver 9 24,76 0,00 8,65
Receiver 10 25,37 -5,64 9,07
Receiver 11 9,89 -7,46 6,30
Receiver 12 5,83 -7,96 2,84

Table 4. Coordinates of the source and the receivers set in the Talia Theater

X Y V4

Source 1 -0,32 2,51
Receiver 1 -2,63 0,12 1,21
Receiver 2 -9,88 0,72 1,52
Receiver 3 -11,90 3,50 1,60
Receiver 4 -6,51 4,97 1,37
Receiver 5 -2,83 4,92 1,22
Receiver 6 -4,74 -4,48 1,30
Receiver 7 -9,10 -3,71 1,48
Receiver 8 -14,34 0,52 5,13
Receiver 9 -13,46 -1,71 4,83
Receiver 10 -11,59 0,63 4,23
Receiver 11 -9,35 5,04 4,23
Receiver 12 -5,18 5,15 4,23
Receiver 13 -8,90 -3,95 4,23
Receiver 14 -4,29 -4,45 4,23
Receiver 15 -7,00 5,37 7,38
Receiver 16 -2,80 4,79 7,38
Receiver 17 -10,30 -3,62 7,22
Receiver 18 -7,06 -4,25 7,38

to complement the information collected prior to visiting
the theaters.

The number of receivers set in each theater was condi-
tioned by the configuration of each of the spaces: number
of floors, the differentiation of spaces (stall, balconies, am-
phitheaters) and the lack of symmetry (due to that in the
Talia Theater a larger number of receivers were set). The re-
ceiver points were distributed uniformly and non-symmet-
rical in relation to the room axis. Placing the measurement
points in a non-symmetrical way is crucial to avoid the in-

fluence of eigenmodes. The source was placed in the center
of the apron, which allowed us to maintain its position in
the closed curtain measurement procedure.

To define the (x, y, z) coordinates of the source and re-
ceivers (Table 3 and Table 4), we have set the origin in the
center of the apron at the lowest point, where it joins the
stalls. The analysis was conducted without audience.

A series of acoustic parameters were obtained after com-
puting the impulsive response, the early decay time EDT,
the reverberation time RT30, the objective clarity Cg, the
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definition Dg, and the speech transmission index STI
These parameters are considered the most relevant when
studying the acoustic behavior of theaters and music halls.

The Early Decay Time, EDT, is the time (in seconds) in
which the first 10 dB fall of a decay curve multiplied by a
factor of 6. The reverberation time of a room, RT30, is the
time it takes for sound pressure level to decay by 30 dB mul-
tiplied by 2. In unoccupied halls, the EDT is also a way of
measuring the reverberation time (Long, 2005). The EDT
gives a more accurate representation of the subjective im-
pression of the reverberation time than the RT30. The lower
the EDT is compared to the RT30, the more intelligible the
spoken voice is in that space (Arau-Puchades, 1999).

The Clarity of a room (Cg) describes the relationship
between early sound reflections and late sound reflections.
In general, it is inversely proportional to the reverberation
time (Beranek, 2004). A room would have a clear and precise
sound when the clarity values are high. The Definition (D)
is the ratio of the early received sound energy to the total
received energy. It is directly proportional to the Clarity.
Both parameters are related to intelligibility.

The reverberation time in mid-frequencies (RT ;4 is
the average value of the RT30 at 500Hz and 1000Hz. The
recommended RT, .4 for venues in which intelligibility is
an important factor is between 1,2s to 1,5s, assuming the
presence of an audience. Those values would differ with an
empty room. (Carrién Isbert, 1998).

The Speech Transmission Index (STI) is an indicator of
the intelligibility of a room. An STI between 0,50 and 0,64
would be considered adequate (Carrién Isbert, 1998).

Besides the already mentioned parameters, some other
characteristics of the theaters were accounted for to com-
plete the analysis. Those characteristics are the number of
seats N, the volume of the room Vg, the volume of the fly-
tower Vg, the acoustical audience area S,, the proscenium
curtain area Sp, the acoustical absorbent area Sy (which is
the sum of the prior two and refers to the amount of ab-
sorbent surface of the enclosure), the surface of the stage
SS, the average height of the theater H, the average width of
the space W, the average length of the room L, and the dis-
tance from the front of the stage to the most distant listener
D.

The ratio between some relevant parameters was as-
sessed to compare the influence of the architectural char-
acteristics in both theaters. In the case of the volume of
the room, it is interesting to take into account its ratio with
the acoustical absorbent area (Vy/St), the volume of the fly-
tower (Vy/VE), and the number of seats (Vy/N). In addition,
the ratios between average height, width, and length have
been calculated, H/W, L/W.

As mentioned in previous sections, the materials, the ab-
sorption coefficient of the enclosure surfaces, and almost
every physical characteristic except volume are very similar
in both cases. Therefore, the differences in acoustic behav-
ior between the rooms seem to be due to the volume of each
venue.

3. Results

The results obtained after processing the data acquired
during the field measurements can be seen in Table 5. As

=]

Figure 4. Talia Theater. Long section

Source: (Carlos Montesinos)

Figure 5. Olympia Theater (left) and Talia Theater
(right)

Source: Author

Figure 6. Situation of the microphones in the
Olympia Theater (left) and the Talia Theater (right)

it was mentioned in previous sections, the measurements
were conducted both with the curtain opened and undrawn.

The correlation between EDT and RT30 (Table 5) is an in-
dicator of the intelligibility of speech. The percentual dif-
ference between the EDT and the RT30 at mid frequencies
in the Olympia Theater is about 11%. In the case of the Talia
Theater, it is above 14%. These values do not differ very
much between them, which indicates a good level of intelli-
gibility.

As can be observed in Table 5, the Olympia Theatre has
higher values of Cg, and D5, which indicates a greater level
of intelligibility and clarity than Talia Theater.

Given that the theaters were measured without the pres-
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Table 5. Measured objective attributes: EDT, RT30, Cg, and D5, of Olympia Theater and Talia Theater with

opened and undrawn curtain

Acoustic Theater Stage 125Hz 250 Hz 500 Hz 1kHz 2kHz 4 kHz
parameters* Opening
EDT(s) Olympia Undrawn 0,895 0,814 0,937 0,936 0,937 0,844
Opened 0,914 0,768 0,908 0,933 0,882 0,789
Talia Undrawn 1,453 1,409 1,279 1,173 1,079 0,911
Opened 1,359 1,26 1,225 1,141 1,028 0,859
RT30(s) Olympia Undrawn 1,031 0,977 1,056 1,069 1,017 0,928
Opened 1,014 0,957 1,017 1,057 1,006 0,911
Talia Undrawn 1,596 1,528 1,458 1,375 1,273 1,064
Opened 1,579 1,49 1,437 1,345 1,258 1,055
Cgo(dB) Olympia Undrawn 2,13 4,93 4,35 4,24 4,71 5,35
Opened 2,93 5,32 4,48 4,69 5,25 6,04
Talia Undrawn 1,22 2,01 2,83 2,76 3,71 511
Opened 1,64 2,88 3,14 3,41 4,32 5,77
Dsq Olympia Undrawn 0,39 0,55 0,56 0,56 0,59 0,61
Opened 0,41 0,54 0,56 0,58 0,63 0,66
Talia Undrawn 0,39 0,46 0,50 0,5 0,55 0,62
Opened 0,40 0,51 0,51 0,54 0,58 0,65
*Early Decay Time, Reverberation Time, Clarity, Definition
Table 6. Mid-frequency reverberation time, RT,;4; Mid-frequency Early Decay Time, EDT ;4, and EDT, ;4 - Rt ,.:q
ratio, of Olympia Theater and Talia Theater with opened and undrawn curtain
Acoustic parameters* Theater Stage Opening
Olympia Undrawn 0,94
Opened 0,92
EDT iq(s) i
Talia Undrawn 1,23
Opened 1,18
Olympia Undrawn 1,06
RT30, (5 Opened 1,04
Talia Undrawn 1,42
Opened 1,39
Olympia Undrawn 11,86
Opened 11,23
EDT ryig - RT30pjg (%) Talia Undrawn 13,45
Opened 14,95

ence of an audience, the EDT ;5 and RT, ;4 results observed
in Table 6 would be higher with the seats occupied. The vol-
ume of the fly-tower seems not to influence the results of
the reverberation time nor the early decay time in either
theater. Between them, the Olympia Theater appears to
have a very low mid-frequency reverberation time, which
produces a subjective effect called “dead room”. It would be
desirable to increase the reverberation time of the venue to
avoid it. On the contrary, the Talia Theater has an adequate
reverberation time. Despite it being near the upper limit, it

is still at a point in which intelligibility is not affected.

A proper diffusion level is guaranteed when values of
EDT,,;q are similar to those of RT, ;4. The ornamentation
and irregularities of the surfaces contribute to an increase
in the sound diffusion of a particular room. The ornamen-
tation also adds a homogenizing effect to the reverberant
sound (Beranek, 2004). In this case, the EDT,;4 is similar
to its correspondent RT ;4. For that reason, both theaters
have a good diffusion level.

The STI of both theaters can be considered “Acceptable”
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Table 7. Speech transmission index

Acoustic parameters* Theater Stage Opening
Undrawn 0,62
Olympia
Opened 0,63
STl male
Undrawn 0,59
Talia
Opened 0,6
Undrawn 0,62
Olympia
Opened 0,64
STl female Undrawn 06
Talia Opened 0,61

(Table 7). Although the Olympia Theater is a bit more in-
telligible than the Talia Theater. This is consistent with the
data of clarity and definition.

The physical parameters measured in each theatre are
shown in Table 8.

The calculated ratios can be seen in Table 9.

In order to evaluate the magnitude of the similarity be-
tween the parametric data of both theaters, a Brainerd-
Robinson (Brainerd, 1951; Jiménez-Puerto, 2018) analysis
has been carried out. This analysis yields a percentage of
similarity between the data packages involved. In this case,
the percentage has been 85%, which validates our initial hy-
pothesis regarding the choice of two very similar spaces.

The ratio between the volume of the room, Vg, and the
total absorbent area, Sy, should satisfy the expression:
RT,,iq=0,14(VR/St) to ensure a good acoustic behavior in
the room (Carrién Isbert, 1998). Table 9 indicates that since
both theaters share the Vp/Sy proportion, this ratio would
be 1,21; which compared to the values of RT,;; in Table 6
shows that both Olympia and Talia theaters are more or less
equally distant from the target (between a 14 % and 17% of
variation) and within an acceptable distance.

4. Conclusions
The design of venues, and other spaces with live acoustic

performances, requires keeping in mind acoustic, struc-
tural, and design aspects. These aspects that sometimes

seem to be isolated from each other, are closely interre-
lated. With this work, we wanted to investigate how some
of these relations could affect the performance of a specific
room.

In the case study, it was interesting to observe and study
why despite the theaters sharing all its physical character-
istics, except one, and many of its absorbent characteris-
tics, the acoustic measurement gave slightly different re-
sults. The main goal, therefore, was to dive into the possible
causes of those differences.

The Olympia Theatre doubles in size the volume of the
main room of the Talia Theater and almost triples it in ca-
pacity. That explains why the Vy/Vg ratio is directly pro-
portional, while the ratio between Vp/N is inversely pro-
portional. The acoustical absorbent area, Sy, is double in
the Olympia Theater, but the volume of the room vs the
acoustical absorbent area, Vp/Sr is equal. That means that
both spaces have the same percentage of absorbent surfaces
proportional to each volume. If only the amount of ab-
sorbent areas were enough to determine the acoustical be-
havior of a room, the different acoustic parameters we have
studied would be very similar for both rooms. However, the
proportions of both theaters do differ quite a bit. In the
Olympia Theater, the length of the room predominates over
the rest of the dimensions, width, and height, even the
width is significantly larger than the height. The Talia The-
ater is practically cubic (height, width, and height are simi-
lar).

archiDOCT 8



Table 8. Physical parameters of the Theaters

Theater N Vr (m3) Ve (m3) Sp(m?) Sp(m?) Sr(m? Sg(m?) H(m) W (m) L(m) D (m)

Olympia 1.055,00 4.965,54 1.367,98 522,13 52,15 574,28 103,40 9,50 16,66 29,26 34,35
Talia 378,00 2.238,68 1.314,56 209,14 49,12 258,26 102,70 11,82 13,75 14,65 16,67




So Similar, So Different: Diving in the Physical and Acoustic Features of Two theatres. A Case Study

Table 9. Physical parameters ratios

Theater Vp/Sy(m) Vp/VE Vp/N H/W L/w 0’14 x Vg/St(m)
Olympia 8,65 3,63 4,71 0,57 1,76 1,21
Talia 8,67 1,70 5,92 0,86 1,07 1,21

As we have seen prior, the acoustic parameters EDT,
RT30, Cg, take higher values in the Talia Theater. Mean-
while, the Dg is very similar in both of them. Also, the
study of the acoustic data reveals that acoustic parameters
are being affected very slightly by the opened-undrawn cur-
tain measurement set, which means that the contribution
to sound absorption of the fly-tower is balanced. In addi-
tion, the similarity in the ratio Vp/Sy, related to the field
measurements could be an indicator of the independence of
the size of the fly-tower in the final acoustic behavior of the
room, which was an unexpected result and will need fur-
ther analysis. For example, adding more diverse cases to the
study in order to reach a relevant conclusion.

The acoustic behavior is not determined unambiguously
by the volume of the room and the total absorbent area but
can be affected by the interrelation of the different dimen-
sions that configure the space.

Both buildings share the same materials, but further
analysis of the way the materials of the surfaces are placed
would be necessary. It would also be recommendable to
make a virtual acoustic model and adjust them, to evaluate
the contribution of this aspect in the behavior of the room.

The results of this study emphasize the importance of
proportions and building details and diminish the relevance
of the amount of absorbent square meters in the design of
spaces where acoustic comfort is essential.

To complete the survey, an on-site acoustic measure-
ment with an audience would be desirable, to test the the-
atre in the standard use conditions.

Submitted: July 25, 2021 BST, Accepted: July 28, 2021 BST
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